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The prolactin gene has undergone a duplication event within the cichlid lineage, 
producing two distinct forms of prolactin (PRL188 and PRL177). The hormone prolactin is 
critical for regulating parental care in many species. Cichlid fishes exhibit a wide variety of 
parental care strategies, including maternal-only, paternal-only, and biparental care. A recent 
study found evidence for positive selection acting on the duplicate prolactin gene (PRL177), 
suggesting that this duplication event was associated with the evolution of alternative mating 
strategies. Polymerase chain reaction was used to isolate and amplify genes for both prolactin 
hormones and two prolactin receptors from brain derived cDNAs from species in the Ectodini 
and Tilapiine lineages. To date, a total of 43 species have been surveyed with PRL 188 having 
been amplified in 29 species, PRL 177 from 12 species, PRLR I from 15 species and PRLR II 
from 33 species. I was able to amplify PRL 177 in Ectodini lineage, indicating that it is not 
Tilapiine specific. I also discovered an unexpected rate of sequence divergence of the PRLR II 
gene in the Ectodini lineage. In this study, I examine the evolution of prolactin genes within the 
family Cichlidae which exhibit multiple forms of parental care. I hypothesize that PRL 177 
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1.1 Gene duplication 
Gene duplication is a way in which new genetic material can be generated during 
molecular evolution. Duplication events occur at a rate of 1 gene per 100 million years in 
eukaryotes (Lynch and Conery, 2000). A gene duplication can be the result of unequal crossing 
over, which can create multiple or single linked duplicate genes (Fig 1.1, Zhang, 2003). Another 
cause of gene duplication is chromosomal duplication, which can result in a lack of disjunction 
from sister chromatids after DNA replication. Lastly, retroposition can cause gene duplication, 
which involves mature mRNA that is then transcribed into cDNA and consequently inserted into 
the genome and possibly on a separate chromosome. Duplicated genes can have different 
possible fates such as degeneration, subfunctionalization, or neofunctionalization (Fig 1.2, 
Kondrashov et al., 2002, Mazet and Shimeld, 2002). Duplicate genes can maintain the same 
function as the original genes, however most duplicate genes will be lost or become 
pseudogenes. Pseudogenes are genes that are dysfunctional, have lost their protein-coding 
ability, or are not expressed in the cell (Zhang, 2003). Degeneration is the loss of one of the 
duplicate genes by either one of the genes accumulating mutations and resulting in the formation 
of a pseudogene. Subfunctionalization occurs when a gene with multiple functions undergoes a 
duplication event.  The ancestral gene and the duplicates share some of the functions, but differ 
in that one will maintain one function within the process, while the other maintains different 
functions.  Neofunctionalization is when one gene takes on a novel function after a duplication  
event. The duplicate gene has the same functionality of the ancestral gene but over time the 
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duplicates can diverge, leaving one gene with a function and the other gene with a possible 










Fig 1.1. Two common mode of gene duplication. 
(a) Unequal crossing over, which results in a 
recombination even in which the two 
recombining sites lie at nonidentical locations in 
the two parental DNA molecules,  (b) 
Retroposition, which occurs when a message 
RNA (mRNA) is retrotranscribed to 
complementary DNA (cDNA) and then inserted 
into the genome. Squares represent exons and 
bold lines represent intron. (Zhang, 2003) 
 
Fig 1.2. Possible fates of duplicate 
genes after a duplication event. 
(Kondrashov et al., 2002, Mazet 
and Shimeld, 2002). 
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Prolactin (PRL) is a protein hormone related to growth hormone, somatolactin, and 
placental lactogen. Growth hormone is hypothesized to be the ancestral gene to prolactin (Zhu et 
al., 2007; Chang et al., 1992; Summers and Zhu, 2008; Yamaguchi et al., 1988). The prolactin 
protein hormone is composed of 188 amino acid residues (Summers and Zhu, 2008; Yamaguchi 
et al., 1988). It is secreted by the pituitary gland and is a key hormone regulating physiological 
and behavioral processes in vertebrates. These processes include water and electrolyte balance, 
growth and development, metabolism, reproduction, and immunoresponse (Tacon et al., 2000). 
In fish, prolactin is known to have a role in osmoregulation and allows for adaptation from fresh 
water to salt water in most of the euryhaline teleosts (Manzon, 2002). 
1.3 Evolution of prolactin family and prolactin receptors 
A duplication event specific to prolactin gave rise to sister genes known as Prolactin 1 
(PRL 1) and Prolactin 2 (PRL 2). The prolactin-like gene was first identified in non-mammalian 
vertebrates and was found to be homologous to previously identified prolactin. PRL 2 is found in 
all vertebrates with the exception of mammals. Huang et al. (2009) found that PRL 2 was 
expressed in the brain and retina of zebrafish, but not in the pituitary. This differs from PRL 1, 
which is mainly expressed in pituitary and other members of the growth hormone family. When 
the PRL 2 gene was removed from zebrafish embryos, deformities in development of the brain 
were observed (Huang et al., 2009). It is therefore hypothesized that PRL 2 plays a role in the 
development of the brain and retina (Huang et al., 2009). PRL 1 and PRL 2 have a 34.7% 
identity, PRL 1 activates prolactin receptor I (PRLR I) and prolactin receptor II (PRLR II) 
(Huang et al., 2007). It is known that prolactin acts upon a specific receptor, which is part of 
cytokine class I receptor superfamily that also includes receptors for growth hormones (Bole-
Feysot et al., 1998).  
4 
 
There are two known prolactin receptors in tilapia encoded by two different genes named 
prolactin receptor I (PRLR I) and prolactin receptor II (PRLR). These two prolactin receptors 
share structural similarities, but only exhibit 30% amino acid similarity (Huang et al., 2007). 
Prolactin receptor I and II have been isolated from tilapia species and are expressed in tissues 
such as the brain, gills, intestine, and kidney (Auperin et al., 1994; Sandra et al., 1995; Sandra 
and Prunet, 2006; Huang et al., 2007). Both of these receptors have been hypothesized to be 
present in all teleost fish and PRLR II has been shown to be unique to teleosts (Huang et al., 
2007).  
1.4 Prolactin duplication in Cichlids 
A duplication event of the prolactin gene has occurred independently in many teleost fish, 
including the cichlid fish, Nile Tilapia (Oreochromis niloticus) and Mozambique Tilapia 
(Oreochromis mossanbicus) (Summers and Zhu, 2008). The prolactin paralogs found in cichlids 
are known as PRL 188 and PRL 177. The degree of similarity between the two prolactin 
sequences is 69% (Summers and Zhu, 2008; Yamaguchi et al., 1988). The sequence of PRL 177 
is highly divergent from all the other prolactins found in species containing this hormone 
suggesting that this is a tilapia specific duplication. The original prolactin gene, PRL 188, 
contains 188 amino acid residues, while the duplicate prolactin, PRL 177, is 177 residues long. 
Prolactin 177 shows 11 deletions that are in parallel to key residues involved in the formation of 
disulfide bridges, which are important for intra- and intermolecular interactions (Zhu et al., 
2007).  These deletions belong to two regions; 5 amino acids have been deleted N-terminal to 
C46 and 6 residues in N-terminal to C161. These deletions are adjacent to first cysteines of two 
disulfide bonds (Mazon, 2002; Yamaguchi et al., 1988). Both PRL 188 and PRL 177, differ in 
the length of number of residues, biological activities, receptor affinities, and regulation (Mazon, 
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2002). These two prolactin genes have been hypothesized to be products of two separate genes 
because of their differences in substitutions that are thought to have occurred at a pretranslational 
level (Yamaguchi et al., 1988). Auperin et al. (1994), found binding differences and similarities 
between both prolactin genes. PRL 188 showed higher specific binding in tissues such as the 
gills and kidney, while skin and liver had same levels for both genes in Oreochromis niloticus. 
Their results indicated high affinity prolactin receptors in gill and kidney of Oreochromis 
niloticus that bind PRL 188 with a higher affinity than PRL 177. PRL 188 is principally involved 




 across gill epithelia where it decreases water uptake and 
increases the retention of ions (Mazon, 2002). PRL 188 has been shown to help Na
+
 retention 
and juvenile growth (Yamaguchi et al., 1988). PRL 177 acts to decrease water permeability in 
hyperosmotic environments in Nile tilapia (Auperin et al., 1994). PRL 177 helps restore plasma 
Cl
-
 levels in tilapiines that have adapted to brackish waters and has led to a decrease effect on 
juvenile growth (Auperin et al., 1994; Yamaguchi et al., 1988).  
1.5 Cichlids and their alternative parental care strategies  
Cichlidae is a family of fish that inhabit tropical water in Africa, India, Madagascar, and 
South America. Cichlidae is composed of 195 genera and more than 3,000 species with more 
being discovered annually; most of which are endemic to African fresh waters (Klett and Meyer, 
2002; Kocher, 2004). African cichlids exhibit an incredible amount of variation in behavior, 
habitat, body shapes, coloration, and mating preferences (Salzburger and Meyer, 2004; Sugawara 
et al., 2002). East Africa has three major lakes called as Lake Tanganyika, Lake Malawi, and 
Lake Victoria. The Great Lakes of East Africa are known for having fast speciation events that 
have occurred in the last 1-5 million years (Kocher, 2004). These lakes host the largest diversity 
of vertebrates in the world (Salzburger and Meyer, 2004). Cichlids are well known for their 
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complex reproductive strategies, the incredible variety of parental care that cichlids exhibit 
differentiates them from any other vertebrate family (Balshine-Earn and Earn, 1998). All known 
cichlid species exhibit some form of parental care (Kolm and Earn, 2006).  
Parental care is ubiquitous in cichlid fish. They can exhibit either substrate spawning or 
mouthbrooding. The care of eggs and larvae in a nest or crevice is known as substrate spawning. 
The eggs are fertilized by the male and either one or both parents care for the eggs. This parental 
behavior is considered to be the ancestral care state in cichlids (Goodwin et al., 1998; 
Keenleyside, 1991). Substrate spawners move their eggs from one location to another in their 
territory by carrying the eggs in the mouth. It has been hypothesized that this behavior evolved 
into mouthbrooding (Goodwin et al., 1998). Mouthbrooding involves one parent carrying the 
eggs in the mouth after the eggs have been fertilized, where the eggs are incubated for up to two 
weeks (Kidd et al., 2012). Parental care can be further characterized by male-only care, female-
only care, and biparental care (Balshine-Earn and Earn, 1998; Summers and Zhu, 2008; 
Goodwin et al., 1998). Biparental care is considered the ancestral to uniparental (male or female) 
care because of the geographical and phylogenetic (Fig. 1.3.) distribution of most biparental 
species compared to localized distribution of species that utilize uniparental (Goodwin et al., 
1998; Balshine-Earn and Earn, 1998).  
In cichlids, the subfamily Tilapiine contains biparental and uniparental care species 
(Balshine-Earn and Earn, 1998). The genus Xenotilapia exhibit biparental care and maternal only 
care. For example, Xenotilapia ochrogenys exhibits maternal care while Xenotilapia flavipinnis 
exhibits biparental care, both of these species are found in East Africa in Lake Tanganyika space. 
The genus Tilapia, biparental substrate spawners, both sexes guard their eggs and fry in the nest. 
Species in the genus Oreochromis exhibits maternal mouthbrooding, which is characterized by 
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brooding of embryos and larvae in the mouth, followed by guarding of the young. For example, 
Oreochromis niloticus and Oreochromis mossambicus are two species belonging to the Tilapiine 
lineage that exhibit maternal mouthbrooding. Species in the genus Sarotherodon, exhibit diverse 
parental care strategies such as paternal, biparental or maternal mouthbrooding (Balshine-Earn 
and Earn, 1998; Tacon et al., 2000; Summers and Zhu, 2008). For example the species 
Sarotherodon caroli exhibits maternal only care, while Sarotherodon steinbachi exhibit 
biparental mouthbrooding. Both of these species are found in Lake Barombi, Cameroon in West 
Africa (Fig. 1.3.).  
Goodwin et al. (1998) examined the evolution of parental care in the family Cichlidae by 
assembling a family-wide composite phylogeny. They found a possible 21-30 transitions from 
biparental to maternal-only care, 0-10 transitions from maternal-only to biparental, and 0 
transition from paternal to maternal and vice versa (Goodwin et al., 1998), suggesting that 
transitions from maternal only to biparental care are extremely rare. However, in a more recent 
study by Kidd et al. (2012), found 4-5 transitions from maternal-only to biparental care within 
the Xenotilapia lineage alone. Species in the genus Xenotilapia exhibit mouthbrooding care with 
either biparenatal or maternal-only care. The results in this study suggest that for the Xenotilapia 
lineage, the ancestral parental care strategy is maternal-only. Kidd et al. (2012) demonstrated 
that Xenotilapia lineage differs in parental care transitions, compared to what has been observed 
in the family Cichlidae as a whole.  
Prolactin has been suggested to play a role in parental behavior in cichlids and teleosts 
(Summers and Zhu, 2008; Blum and Fiedler, 1965). Cichlids have evolved a variety of complex 
parental care strategies and it has been hypothesized that the duplication of prolactin gene, PRL 





Fig. 1.3. Phylogenetic distribution of sex of care-givers in family Cichlidae. Genera in the 
group are shown by numbers in parenthesis. Taxa containing (?) indicate poor knowledge 
of phylogenetic relationships.  (Goodwin et al., 1998).  
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cichlids (Summers and Zhu, 2008). Summers and Zhu (2008) tested for evidence of positive 
selection in PRL 177 gene in two Tilapiine species, Oreochromis mossambicus and Oreochromis 
niloticus. Their analysis of positive selection using the nonsynonymous to synonymous 
substitutions ratio resulted in an ω (omega) value of 4.63 which is indicative of evidence of 
positive selection in PRL 177. Based on this result, Summers and Zhu (2008) proposed that PRL 
177 could be involved in the evolution of alternative parental care strategies found in cichlid fish. 
They hypothesized that because of the gene duplication has allowed for the evolution of the 
diversity of parental care strategies that are exhibited by cichlid fish. However, the study from 
Summers and Zhu (2008) used only two species from the Tilapiine lineage, which is 
characterized by costly maternal care.  
1.6 Hypothesis  
 Summers and Zhu (2008) proposed that PRL 177 is necessary for the evolution of 
parental care in cichlids. Based on their suggestion, if PRL 177 is indeed necessary for the 
evolution of alternative parental care strategies, then the duplicate gene should be present not 
only in the Tilapiine lineage, but in all cichlid lineages that exhibit alternative parental care. I 
hypothesize that PRL 177 gene can be amplified in species throughout the family Cichlidae. This 
research will attempt to identify the presence of PRL 188 and PRL 177 sequences in many 
Cichlidae species. I will also identify PRLR I and PRLR II sequences for the same species. If 
successful amplification of these hormones is obtained through polymerase chain reaction 










2.1 RNA extraction 
A total of 43 cichlid species were acquired from the aquarium trade and fish importers.  
The fish were humanely euthanized by a rapid cervical transection for brain extraction under the 
approved IACUC protocol (no. 2010-4). The brains were extracted and placed in RNAlater 
solution (Ambion) at -20°C, which is used for the inhibition of RNAse activity. The TRIzol-
chloroform protocol, using manufactures instructions (Invitrogen), was used for the total RNA 
extraction and were then stored in RNA storage solution (Ambion). The extracted RNA was 
quantified using a Nanodrop-1000. Reverse transcription was performed to the extracted RNA 
using Superscript First-Strand Synthesis (Invitrogen), Oligo-dT (Invitrogen), 5X FS buffer, 
10mM dNTPs and 0.1M DTT (Cummings et al., 2008). This reactions were done using a 
thermocycler, Bio-Rad MyCycler Thermal Cycler, using the following protocol [65°C > 5min. 
and 4°C >10min.], [42°C > 2min.], and [42°C > 50min. and 70°C > 15min.]. The cDNA 
products were then quantified using a Nanodrop-1000, measured in ng/µl. The cDNAs created 
from total RNA are listed in Table 2.1 along with their sex male or female. Juvenile fish have an 
undetermined gender because of their immaturity. The location from where these species are 
originally located is also listed in Table 2.1. Most of these species are endemic to the locations 
listed but are not limited to these locations. The cDNAs were created in a time span of 4 years 
from 2010-2014. Fish availability to obtain brain tissue was the determining factor for RNA 






Species  Sex  Location  
Alcolapia alcalicus Male Lake Natron, Tanzania, Africa 
Astatotilapia burtoni Male Burundi, Rwanda, Tanzania, Zambia 
Amatitlana siquia Male Central America 
Andinocaa aequinoctialis Juvenile South America; Western Ecuador, Central Peru 
Asprotilapia leptura  Male Lake Tanganyika, Africa 
Astronotus ocellatus Juvenile South America; Peru, Ecuador, Colombia, Brazil 
Aulonocranus dewindti Female Lake Tanganyika, Africa 
Calluchromis stapersii  Juvenile Lake Tanganyika, Africa 
Calluchromis stapersii Male Lake Tanganyika, Africa 
Cardiopharynx schoustedeni Female Lake Tanganyika, Africa; Burundi, Tanzania, Zambia 
Crenicichlia sveni Male South America 
Cunningtonia longiventralis Juvenile Lake Tanganyika, Africa 
Enantiopus melanogenys  Male Lake Tanganyika, Africa 
Enantiopus melanogenys  Juvenile Lake Tanganyika, Africa 
Estroplus maculatus  Male India, Sri Lanka 
Geophagus steindachneri Female South America 
Grammatotoria lemairii  Male Lake Tanganyika, Africa 
Konia eisentrauti Female Lake Barombi Mbo, Cameroon 
Konia eisentrauti ‘Mbo’ Female Lake Barombi Mbo, Cameroon 
Konia eisentrauti Male Lake Barombi Mbo, Cameroon 
Metriaclima estherae Female Lake Malawi, Africa 
Myaka myaka Juvenile Lake Barombi Mbo, Cameroon 
Myaka myaka  Male Lake Barombi Mbo, Cameroon 
Ophthalmotilapia nasuta Female Lake Tanganyika, Africa  
Ophthalmotilapia ventralis Male Lake Tanganyika, Africa 
Oreochromis aureus  Male Northern and Western Africa 
Oreochromis esculentus  Juvenile  Lake Victoria, Africa 
Oreochromis mossambicus  Male Southern Africa 
Oreochromis niloticus  Female East Africa; Egypt 
Oreochromis niloticus  Male East vAfrica; Egypt 
Parachromis dovii Juvenile Central America 
Parachromis dovii Juvenile Central America 
Paratilapia Polleni  Juvenile Madagascar; Africa 
Polleni type Anolepa Female Madagascar; Africa 
Ptychochromis grandidieri Male Madagascar; Africa 
Pundamila pundamila Male Lake Victoria, Africa 
Rhamphochromis  longiceps Male Lake Malawi, Africa 
Sarotherodon caroli  Female Lake Barombi Mbo, Cameroon 
Stomatepia pindu Male Lake Barombi Mbo, Cameroon 
Stomatepia mariae Male Lake Baromni Mbo, Cameroon 
Tilapia buttehofiri Male West Africa 
Tilapia cognica Male Congo River Watershed 
Tilapia snyderae  Male Lake Bermin, Cameroon 
Xenotilapia bathyphilus  Juvenile Lake Tanganyika, Africa 
Xenotilapia nigrolabiata  Female  Lake Tanganyika, Africa 
Xenotilapia ochrogenys ‘N’dole  Male Lake Tanganyika, Africa 
Xenotilapia ochrogenys  Female Lake Tanganyika, Africa 
Xenotilapia ochrogenys  Male Lake Tanganyika, Africa 
Xenotilapia ornatipinnis  Male Lake Tanganyika, Africa 
Xenotilapia papilio  Male Lake Tanganyika, Africa 
Xenotilapia sima  Juvenile Lake Tanganyika, Africa 
Xenotilapia sima Female Lake Tanganyika, Africa 
Xenotilapia spiloptera  Female Lake Tanganyika, Africa 
Xenotilapia flauipinnis  Male Lake Tanganyika, Africa 
 
Table 2.1. List of the cDNAs made through reverse transcription along with 




2.2 Primer design 
The sequence data for PRL188, PRL177, Receptor 1, and Receptor II from the cichlid 
species used were downloaded from GenBank. After acquiring the sequence they were aligned 
using ClustalX (Thompson et al., 1997). An online program, Primer 3, was used to generate 
degenerate primers. Degenerate primers were created for PCR amplification in cichlid species. 
The conservative sites were selected for each primer.   
2.3 PCR amplification 
Polymerase chain reaction was performed using the previously made cDNAs in order to 
isolate and amplify the desired genes for each of the obtained species. The primers used were 
PRL188, PRL177, Receptor I, and Receptor II. Primer optimization was determined by adjusting 
annealing temperature for each primer. Also, the number of cycles for each reaction run was 
adjusted to try to obtain a better amplification of the primer. The optimal annealing temperatures 
varied depending on the primer used. Table 2.2 shows a list of the optimal temperature for each 
primer along with the denaturing temperature, elongation temperature, and the number of cycles. 
The forward and reverse sequence for each primer are displayed in Table 2.2. 
 
Table 2.2. List of primers with the optimal annealing temperature and cycles. 
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The following recipe was used for the polymerase chain reaction to create a 9x master mix 
reaction: 115.9μl of nuclease free H2O, 45μl of buffer, 10.8μl of primers (for each forward and 
reverse), 20μl of dNTPs, 4.5μl of Taq polymerase. Typically each PCR reactions consisted of 8 
species. The amount of master mix in each tube was 23μl. Then, 2μl of the DNA template was 
added to the PCR tubes containing 23μl of the master mix to complete the reaction for a total 
volume of 25μl. The polymerase chain reaction was performed using a Biorad thermocycler. 
After the reaction was done, gel electrophoresis (1% agarose) was ran with ethidium bromide to 
identify the PCR product. The visualization of the PCR product was done using a Biorad GelDoc 
transiluminator.  
2.4 Cloning 
To purify the PCR product the QIAquick® PCR Purification kit was used. This helps 
remove unincorporated dNTPs and unused primers. The cloning strategy that was used was the 
TOPO TA Cloning by Invitrogen. This is a one-step cloning strategy for the direct insertion of 
the Taq polymerase-amplified PCR products into a plasmid vector. The plasmid vector supplied 
with single 3’ –thymidine and Topoisomerase I was covalently bound to the vector.  
The Taq polymerase has a nontemplate-dependent terminal transferase activity that adds 
a single deoxyadenosine (A) to the 3’ ends of PCR products. The linearized vector supplied in 
this kit has a single, overhanging 3’ deoxythymidine (T) residue. This allows PCR inserts to 
ligate efficiently with the vector.  
Topoisomerase I from Vaccinia virus bind to duplex DNA at specific sites and cleaves 
the phosphodiester backbone after 5’ –CCCTT in one strand (Shuman, 1991). The energy from 
the broken phosphodiester backbone is conserved by formation of a covalent bond between the 
3’ phosphate of the cleaved strand and a tyrosyl residue of topoisomerase I. The phosphor-
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tyrosyl bond between the DNA and enzyme can subsequently be attacked by the 5’ hydroxyl of 
the original cleaved strand, reversing the reaction and releasing topoisomerase (Shuman, 1991). 
Escherichia coli were used to generate competent cells that were used during transformation, 
following the manufacturer’s instructions. The transformed bacteria were grown in LB agar 
plates with ampicillin or kanamycin. These plates were spread and incubated at 37°C for 24 
hours. Two colonies per plate were picked, labeled clone 1 and clone 2, and grown further in 
5mL LB Broth vials at 37°C overnight. Bacterial plasmid purification was performed using an 
Invitrogen Quick Plasmid Miniprep Kit, following the manufacturer’s instructions. 
The presence of the insert in the plasmid was confirmed by PCR amplification followed 
by 1% agarose gel electrophoresis. The plasmid was purified using an Invitrogen Quick Plasmid 
Miniprep Kit, following manufacturer’s instructions. The concentrations of the plasmids 
containing the inserts were quantified using a Nanodrop-1000 with a measurement of ng/μl.  
2.5 Sequencing  
Only the plasmids that were confirmed to have an insert were used for sequencing. The 
sequencing was performed using an ABI 3500 Genetic Analyzer. The sequencing reaction was 
prepared in a plate and the components included the template, primer, 5X sequencing buffer, 5M 
betaine, BigDye 3.1, and deionized H2O. A total of 100 reactions were prepared, each reaction 
contained 4.5μl of template/primer mix, 2.5μl sequencing buffer, 0.5μl betaine, 1μl BigDye, and 
4μl H2O for a total volume of 12μl per reaction. The reaction was ran through the thermocycler 
for [96°C > 4min][96°C>10sec, 50°C>3min, 60°C>3min] for 25 cycles. The sequencing product 
was cleaned up using a cleanup reaction containing 95% ethanol, water, 0.25M EDTA, and 3M 
NaOAc. The recipe was calculated for a 96 well plate. For 1 plate, the volumes for each 
component were 3.9ml of 95% ethanol, 75μl of water, 75μl of 0.25M, and 300μl of 3M NaOAc 
from this reaction 30μl was added to each well in the plate containing the sequencing reaction. 
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After the cleanup of the sequencing product, the plate containing the sequencing reactions was 
loaded onto an ABI 3500 Genetic Analyzer and ran for 28 hours. The sequences obtained were 
uploaded to NCBI database using BLASTn to identify the sequences.  
2.6 Phylogenetic Analysis  
For the identified genes of PRL 188, PRL 177, PRLR I, and PRLR II a phylogenetic 
analysis was carried out. A sequence alignment was performed using CLC Genomic Workbench 
v7.0.4 with a gap open cost = 10.0 and gap extension cost = 1.00. The sequences for the analysis 
were performed using sequences I generated and additional sequences for each gene acquired 
from GenBank (Table 2.3).  
Following the alignment, a Neighbor Joining algorithm was performed using Jukes-
Cantor corrected distances. In CLC Genomics the phylogenetic trees were constructed from 
1,000 bootstrap replicates. A tree was created for PRL 188 and PRL 177 sequences and another 
for PRLR I, and PRLR II sequences.  
 
 
Gene Gene hit  Accession # 
PRL 188 Tilapia nilotica prolactin  giǀ531225ǀgbǀM27010.1 
 Oreochromis mossambicus prolactin 1 giǀ1033051ǀembǀX92380.1 
 Predicted: Maylandia zebra prolactin-1-like giǀ499039470ǀrefǀXM_004570313.1 
 Oreochromis niloticus prolactin 1  giǀ1033051ǀembǀX92380.1 
 Oreochromis niloticus prolactin  giǀ525344925ǀrefǀNM_001279792.1 
PRL 177 Tilapia nilotica prolactin  giǀ531227ǀgbǀM27011.1 
PRL Rec I Oreochromis mossambicus prolactin receptor I gi|195972529|gb|EU999785.1 
 Acanthopagrus schlegelii prolactin receptor  gi|148771365|gb|EF429092.1 
 Kryptolebias marmoratus prolactin receptor gi|284022415|gb|GU270842.1 
PRL Rec II Oreochromis mossambicus prolactin receptor 2 gi|195972525|gb|EU999783.1 
 Acanthopagrus schlegelii prolactin receptor 2 gi|148771367|gb|EF429093.1 
 Rhabdosargus sarba prolactin receptor gi|433689274|gb|JX459578.1 
 Predicted: Maylandia zebra prolactin receptor-like gi|499050316|ref|XM_004575625.1 
PRL 2 Oreochromis niloticus prolactin 2 gi|229473222|gb|FJ475112.1 
 Acanthopagrus schlegelii prolactin 2 gi|229473224|gb|FJ475113.1 
 Carassius auratus prolactin 2 gi|229473226|gb|FJ475114.1 
 Dania rerio prolactin 2 gi|242246946|ref|NM_001162854.1 
 Acipenser gueldenstaedtii prolactin 2 gi|229473218|gb|FJ475110.1 
 Callorhinchus milii prolactin 2  gi|229473216|gb|FJ475109.1 
 







3.1 PCR amplification  
Data sample species are shown in Figs. 3.1, 3.2, 3.3, and 3.4. These figures show the 
amplification of the genes PRL188, PRL 177, PRLR I, and PRLR II using a 1% agarose gel with 
ethidium bromide for visualization of the bands. A standard 1Kb ladder is used in every 
1%agarose gel alongside the species samples for guidance in measuring the base pair size of the 
amplified bands. Fig. 3.1 (A) shows the amplification of PRL 188 in Oreochromis niloticus 
(male),Grammatotoria lemairii, Astatotilapia leptura, Xenotilapia spiloptera, Oreochromis 
mossambicus, Xenotilapis ochrogenys, and Saratherodon caroli with a size of 300bp. The top 
bands in Fig. 3.1 (B) show the amplification of the PRL 188 in species Oreochromis niloticus 
(female), Tilapia congica, Stomatepia pindu, Amatitlania siquia, Myaka myaka, Pundamila 
pundamila, Metriclima estherae, Paratilapia polleni type Anolepa and the bottom bands show 
the amplification in Oreochromis niloticus (male), Oreochromis niloticus (female), 
Grammatotoria lemairii, Astatotilapia leptura, Xenotilapia spiloptera, Oreochromis 
mossambicus, Xenotilapis ochrogenys, and Saratherodon caroli with a base pair size of 300bp. 
The next gel image, Fig. 3.2 (A) the amplification of PRL 177 in Oreochromis niloticus 
(female), Oreochromis niloticus (male), Astatotilapia leptura, Xenotilapia spiloptera, 
Oreochromis mossambicus with a base pair size of 1,000bp. Fig. 3.2 (B), shows the 
amplification of PRLR I in Oreochromis niloticus (female), Tilapia congica, Stomatepia pindu, 
Amatitlania siquia, Myaka myaka, Pundamila pundamila, Metriclima estherae, Paratilapia 
pollen type Anolepa with a base pair size of 800bp. The amplification of PRLR II could be seen 
in Fig. 3.3, Fig. 3.3 (A) shows amplificication of species Oreochromis niloticus (female), 
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Oreochromis niloticus (male), Grammatotoria lemairii, Asprotilapis leptura, Xenotilapia 
spiloptera, Oreochromis mossambicus, Saratherodon caroli, Enantiopus melanogenys, 
Xenotilapia ochrogenys ‘N’dole, Xenotilapia bathyphilis, Xenotilapia sima, Xenotilapia 
nigrolabiata, Xenotilapia papillo, Xenotilapia ochrogenys, Enantiopus melanogenys, Xenotilapia 
ornatipinnis, Xenotilapia flavipinnis, Tilapia snyderae, Ptychochromis grandieri, Estropus 
maculatus, Calluchromis staperssi, Oreochromis esculentis, Saratherodon lohbergeri with a 
base pair size amplification of 1,000bp. We amplified bands with a base pair size of 1,000bp for 
PRLR II in Oreochromis nilotcus (male), Grammatotoria lemairii, Asprotilapia leptura, 
Xenotilapia spiloptera, Oreochromis mossambicus, Xenotilapia ochrogenys, and Saratherodon 
caroli (Fig. 3.3 (B)). 
 
 










Fig. 3.1. Amplification of prolactin 188, well 9 (A) and well 1 and 10 (B) contain standard 1Kb ladder for 
base pair size measurement, species listed from left to right (A) well 1:Saratherodon caroli, well 
2:Xenotilapia ochrogeny,s well 3:Oreochromis mossambicus, well 4:Xenotilapia spilopter, well 
5:Astatotilapia leptura, well 6:Grammatotoria lemairii, well 7:Oreochromis niloticus (male), well 8:empty, 
well 9:ladder (B) bottom: well 1:ladder, well 2:Sarotherodon caroli, well 3:Xenotilapia ochrogenys, well 
4:Oreochromis mossambicus, well 5:Xenotilapis spiloptera, well 6:Astatotilapi leptura, well 
7:Grammatotoria lemairii well 8:Oreochromis niloticus (female), well 9:Oreochromis niloticus (male),well 
10:ladder; top: well 1:ladder, well 2:Paratilapia pollen type Anolepa, well 3:Metriclima estherae, well 
4:Pundamila pundamila, well 5:Myaka myaka well 6:Amatitlania siquia, well 7:Stomatepia pindu, well 
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Rec II A 
Fig. 3.2. Amplification of prolactin 177 (A) and prolactin receptor I (B) well 9 contains a standard 1Kb 
ladder for base pair size measurement of amplified product. Species listed from left to right (A) well 
1:Sarotherodon caroli, well 2:Xenotilapis ochrogenys, well 3:Oreochromis mossambicus, well 
4:Xenotilapia spiloptera, well 5:Asprotilapia leptura, well 6:Grammatotoria lemairii, well 7:Oreochromis 
niloticus (male), well 8: Oreochromis niloticus (female), well 9:ladder (B) well 1: empty well 2: Paratilapia 
pollen type Anolepa, well 3:Metriclima estherae, well 4:Myaka myaka, well 5:Amatitlania siquia, well 




Fig. 3.3. Amplification of prolactin receptor II. Well 1 contains ladder for base pair measurement of amplified 
product. Species from left to right (A) well 1-19: Oreochromis niloticus (female), Oreochromis niloticus (male), 
Grammatotoria lemairii, Asprotilapia leptua, Xenotilapia spiloptera, Oreocrhomis mossambicus, Xenotilpis 
spiloptera, Sarotherodon caroli, Enantiopus melanogenys, Xenotilapis ochrogenys ‘N’dole, Xenotilapis ochrogenys 
‘N’dole, Xenotilapia bathyphilis, Xenotilapis sima, Xenotilapis nigrolabiata, Xenotilapia papillio, Xenotilapia 
ochrogenys, Enantiopus melanogenys, Xenotilapia ornatipinnis, well 1:ladder  21-27: Xenotilapia flavipinnis, 
Tilapia snyderae, Ptychochromis grandieri, Estropus maculatus, Calluchromis staperssi, Oreochromis esculentis, 
Saratherodon lohbergeri. (B) well 1:Saratherodon caroli, well 2:Xenotilapia ochrogenys, well 3:Oreochromis 
mossambicus, well 4:Xenotilapis spiloptera, well 5:Asprotilapis leptura, well 6:Grammatotoria lemairii, well 
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A total of 55 cDNAs were created through reverse transcription. The 55 cDNAS were 
from 43 species belonging to the family Cichlidae. All 55 cDNAs have been surveyed by PCR 
using primers for PRL 188, PRL 177, PRLR I, and PRLR II. A list of the species that have been 
amplified for each primer could be seen in Table 3.1.  PRL 188 was successfully amplified in 33 
cDNAs out of the 55 which belonged to 29 species of the 43 total species. PRL 177 was 
amplified in 13 cDNAs belonging to 12 species. PRLR I was amplified in 15 cDNAs that 
belonged 15 species. PRLR II was amplified in 36 cDNAs belonging to 33 species. The species 
that showed more amplification were those surveyed with PRLR II, 33 species, and the least 
species amplified were those surveyed with PRL 177, with 12 species. The species amplified by 
PRL 177 belong to the lineages Tilapiine, Xenotilapia, and Ectodini.  
3.2 Cloning 
Cloning was performed using the amplified genes from Table 3.1. Only those species that 
contained the insert within the plasmid are listed in Table 3.2 as successfully cloned. The 
verification of the insert within the plasmid was performed using PCR. PRL 177, duplicate gene, 
was cloned successfully in 7 species Asprotilapia leptura, Grammatotoria lemairii, Oreochromis 
aureus, Oreochromus niloticus (female), Oreochromis niloticus (male), Oreochromis 
mossambicus, and Xenotilapia spiloptera. These species belong to the Xenotilapia and Ectodinni 
lineage. PRL 188 was able to be cloned in 18 species. We had the more success cloning species 
with PRLR I with a total of 19 cloned species. PRLR II was cloned in 15 species.  
3.3 Sequencing  
The species of the clones that contained the plasmid were then sequenced using an ABI 
3500 genetic analyzer. The sequences obtained for each gene were uploaded to NCBI database 
using BLASTn to confirm the identity of the gene. The top hit for each sequence was searched. 
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Prolactin 188 Prolactin 177 Prolactin Receptor I Prolactin Receptor II 
Andinocoa 
aequinoctialis 
Astronotus ocellatus Astronotus ocellatus Astronotus ocellatus 
Alcolapia alcalicus Asprotilapia  leptura Amatitlania siquia Amatitlania siquia 
Amatitlania siquia Geophagus 
steindachneri 
Geophagus steindachreri Asprotilapia leptura  
Amatitlania siquia Oreochromis 
mossambicus 
Konia eisentrauti Calluchromis stappersi 
Astatotilapia burtoni Oreochromis nilotics (F) Metriclima estherae Enantiopus melanogenys 
Asprotilapia leptura Oreochromis niloticus 
(M) 
Myaka myaka Enantiopus melanogenys 
Astronotus ocellatus Ptychochromis grandieri Oreochromis niloticus Estropus maculatus 
Astronotus ocellatus Parachromis duvii Ptychochromis grandieri Grammatotoria lemairii 




Tilapia buttehofiri Paratilapia pollen type 
Anolepa 
Konia eisentrauti 
Grammatotoria lemairii Xenotilapia sima Pundamila pundamila Metriclima estherae 
Konia eisentrauti Xenotilapia ochrogenys Stomatepia pindu Myaka myaka 
Konia eisentrauti ‘Mbo’ Xenotilapia spiloptera Tilapia buttehofiri Oreochromis aureus 
Metriclima estherae  Tilapia congica Oreochromis esculentis 




  Oreochromis niloticus 
Oreochromis niloticus 
(F) 
  Ptychochromis grandieri 
Oreochromis niloticus 
(M) 
  Parachromis dovii 
Parachromis dovii   Paratilapia polleni type 
Anolepa 
Parachromis dovii   Pundamila pundamila 
Paratilapia pollen type 
Anolepa 
  Sarotherodon lohbergeri 
Ptychochromis 
grandidieri 
  Sarotherodon caroli 
Ptychochromis 
grandidieri 
  Stomatepia pindu 
Pundamila pundamila   Tilapia buttehofiri 
Saratherodon caroli   Tilapia congica 
Stomatepia mariae   Tilapia snyderae 
Stomatepia pindu   Xenotilapia bathyphilis 
Tilapia buttehofiri   Xenotilapia falvipinnis 
Tilapia congica   Xenotilapia nigrolabiata 
Xenotilapia ochrogenys   Xenotilapia ochrogenys 
Xenotilapia sima   Xenotilapia ochrogenys 
‘N’dole 
Xenotilapia sima   Xenotilapia ornatipinnis 
Xenotilapia spiloptera   Xenotilapia papillio 
Stomatepia mariae   Xenotilapia sima 
   Xenotilapia sima 
   Xenotilapia spiloptera 
Table 3.1. List of species that have been successfully amplified through polymerase chain 





Prolactin 188 Prolactin 177 Prolactin Receptor I Prolactin Receptor II 
Asprotilapia leptura Asprotilapia leptura Amatitlania siquia Asprotilapia leptura 
Amatitlania siquia Grammatotoria lemairii Enantiopus melanogenys Callichromis  staperssi 
Callichromis staperssi Oreochromis aureus Callichromis staperssi Estropus maculatus 
Enantiopus melanogenys Oreochromis niloticus 
(female) 
Grammatotoria lemairii Enantiopus 
melanogenys 
Grammatotoria lemairii Oreochromis niloticus (male) Metriclima estherae Grammatatoria lemairii 
Metriclima estherae Oreochromis mossambicus Myaka myaka Myaka myaka 
Myaka myaka Xenotilapia spiloptera Oreochromis niloticus 
(female) 
Oreochromis aureus 






 Ptychochromis grandieri Oreochromis niloticus 
(female) 
Paratilapia polleni type 
Anolepa 
 Pundamila pundamila Oreochromis niloticus 
(male) 
Ptychochromis grandieri  Saratherodon caroli Sarotherodon caroli 
Pundamila pundamila  Stomatepia pindu Stomatepia pindu 
Saratherodon  caroli  Tilapia congica Xenotilapia ochrogenys 
Stomatepia pindu  Tilapia snyderae Xenotilapia ochrogenys 
‘N’dole 
Tilapia congica  Xenotilapia bathypilis Xenotilapia ornatipinnis 
Xenotilapia flavipinnis  Xenotilapia falvipinnis  
Xenotilapia ochrogenys 
‘N’dole 
 Xenotilapia ornatipinnis  
Xenotilapia spiloptera  Xenotilapia spiloptera  




In addition, percent identity, E value, and accession number were recorded (Table 3.3, 3.4, 3.5, 
3.6). The top hit was used for the identification of the uploaded sequences. Only sequences that 
contained a top hit to a gene were recorded.  
3.3.1 Sequences for PRL 188 
For PRL 188 (Table 3.3), the species Myaka myaka had 75% identity with a prolactin 1 
gene sequence. There were two cloned sequences uploaded for Oreochromis niloticus, one of the 
sequences had 100% identity to an Oreochromis niloticus prolactin gene. The other sequence had 
a 99% identity to a prolactin 1 gene belonging to Oreochromis niloticus. For species Paratilapia 




polleni type Anolepa, two cloned sequences were uploaded. Clone 1 had a 100% identity to an 
Oreochromis niloticus prolactin gene and clone 2 had a 93% identity to an Oreochromis 
mossambicus prolactin 1 gene. The sequence for Pundamila pundamila clone 1 had a 99% 
identity to a predicted prolactin 1 gene from Haplochromis burtoni; there was no clone 2 for this 
species. There were two clone PRL 188 sequences for Stomatepia pindu, both of these sequences 
had the same hit to Oreochromis niloticus prolactin gene with a percent identity of 84% for clone 
1 and 99% for clone 2.  
3.3.2 Sequences for PRL 177 
There were six sequences belonging to PRL 177 that contained hits belonging to a gene. 











Myaka myaka  
Clone 1 
Oreochromis urolepis homorum 
isolate PH2001 prolactin 1 















Oreochromis mossambicus isolate 
PM2001 prolactin 1 (PRL1) 





type Anolepa Clone 
1 








Oreochromis mossambicus isolate 
PM2001 prolactin 1 (PRL1) 



























Table 3.3. List of species sequenced for PRL 188 along with top hit, percent identity, p-value, 
and the accession number taken from NCBI database. 
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sequence for Oreochromis niloticus, clone 1 and clone 2, also had the same top hit and 99% 
identity as the gene sequence uploaded from Oreochromis mossambicus. One of the two clone 
sequences uploaded for Xenotilapia spiloptera did not hit a prolactin related gene. This was the 
only sequence for PRL 177 that the top hit was a gene that was not prolactin-related. Clone 1 had 
an 86% identity to a predicted Poecilia formosa neuroligin 2 gene. The sequence for clone 2 had 
a 96% identity to a predicted Haplochromis burtoni prolactin-like gene.  
3.3.3 Sequences for PRLR I  
For PRLR I, the sequences that contained matches to genes were the sequences of Astatotilapia 
siquia clone 1 and clone 2 had the same top hit with a 97% identity to Symphysodon 















like (LOC100697904), mRNA 








like (LOC100697904), mRNA 






like (LOC100697904), mRNA 





like (LOC100697904), mRNA 




Predicted: Poecilia Formosa 
neuroligin 2 (nlgnn2), mRNA 
















Table 3.4. List of species sequenced for PRL 177 along with top hit, percent identity, p-value, 
and the accession number taken from NCBI database. 
24 
 
a 99% identity to a predicted Maylandia zebra prolactin receptor-like. The top hit for the 
sequence of Myaka myaka had a 97% identity to a predicted Oreochromis niloticus prolactin 
receptor. There were two clone sequences for the species Oreochromis niloticus, for which both 
had a 99% identity to an Oreochromis mossambicus prolactin receptor. The sequence of 
Pundamila pundamila had a top hit relating to a predicted Pundamila nyererei prolactin 
receptor-like gene with a 100% identity. Sequence for Stomatepia pindu had a match to a 
predicted Oreochromis niloticus prolactin receptor with a 96% identity. The sequence obtained 
for Tilapia congica had a 97% identity to a predicted Pundamila nyererei prolactin receptor-like 











Symphysodon aequifasciata prolactin 
receptor mRNA, complete cds 
97% 0.0 giǀ112383267ǀDQ834377.2 
Astatotilapia siquia 
Clone 2 
Symphysodon aequifasciata prolactin 
receptor mRNA, complete cds 




Predicted: Maylandia zebra prolactin 
receptor-like (LOC101477358), 





Predicted: Oreochromis niloticus 
prolactin receptor (prlr), transcript 
variant X1, mRNA 




Oreochromis mossambicus prolactin 
receptor mRNA, partial cds 




Oreochromis mossambicus prolactin 
receptor mRNA, partial cds 




Predicted: Pundamilia nyererei 
prolactin receptor-like 





Predicted: Oreochromis niloticus 
prolactin receptor (prlr), transcript 













Table 3.5. List of species sequenced for PRLR I along with top hit, percent identity, p-value, 
and the accession number taken from NCBI database. 
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related to prolactin receptors genes. All the sequences contained percent identities higher than 
96% and there was a 100% identity for a species, Pundamila pundamila. 
3.3.4 Sequences for PRLR II 
More sequences were obtained for PRLR II than the other genes. They were uploaded 
and sequences that the top hit was a cloning vector were discarded. PRLR II had several species 
that shared the same top hit. The sequences belonging to Estropus maculates clone 1, Enantiopus 
melanogenys clone 1 ,Oreochromis aureus clone 1 and Xenotilapia ochrogenys ‘N’dole clone 1 
all had a top hit to an Oreochromis niloticus prolactin receptor 2 gene with a 99% identity. This 
was a top hit for other species that were sequenced by the percent identity varied. Myaka myaka 
clone 1 had a 92% identity, Oreochromis niloticus clone 1 a 94%, and Stomatepia pindu clone 1 
a 94% all to an Oreochromis niloticus prolactin receptor 2 gene. Estroplus maculates clone 2 and 
Oreochromis mossambicus both had a 99% identity to an Oreochromis mossambicus prolactin 
receptor 2 gene. The sequence for Oreochromis niloticus clone to had a hit with 99% identity to 
an Oreochromis mossambicus prolactin receptor. There were two sequences belonging to 
Xenotilapia papillo clone 1 and Xenotilapia spilopter clone 1 that did not contain a hit the was 
related to a prolactin receptor gene. The sequence of Xenotilapia papillo had an 80% identity to a 
predicted Python bivittatus adenylate cyclase 4 and sequence for Xenotilapia spiloptera had a top 
hit for a predicted Cricetulus griseus transforming growth factor beta receptor with an 85% 
identity.  
3.3.5 Sequenced species 
The number of species that were successfully sequenced were less than expected. The list 
of species successfully cloned is found in Table 3.7.  For PRL 177, 7 species were cloned and 
only 3 species, Oreochromis mossambicus, Oreochromis niloticus, and Xenotilapia spiloptera 
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were identified through NCBI database matching a prolactin-like gene. There were 5 species 
successfully sequenced for PRL 188 which were Myaka myaka, Oreochromis niloticus, 
Pundamila pundamila, Paratilapia polleni type Anolepa, and Stomatepia pindu out of the 18 
cloned species. Six species were successfully sequenced out of 19 species for PRLR I, 
Metriclima estherae, Myaka myaka, Oreochromis nilotcus (female), Pundamila pundamila, and 
Tilapia congica. The most species sequenced belonged to PRLR II with a total of 8 species 
sequenced out of 15. The species sequenced for PRLR II were Estroplus maculatus, Enantiopus 










Clone 1  
Oreochromus niloticus prolactin 
receptor 2 (prlr2), mRNA 





prolactin receptor 2 mRNA, 
complete cds, alternatively spliced  











Oreochromis niloticus prolactin 
receptor 2 (prlr2), mRNA 
99% 0.0 gi|525342817|NM_001279622.1 
Myaka myaka 
Clone 1 
Oreochromus niloticus prolactin 
receptor 2 (prlr2), mRNA 





prolactin receptor 2 mRNA, 
complete cds, alternatively spliced 




Oreochromis  niloticus prolactin 
receptor 2 (prlr2), mRNA 





prolactin receptor mRNA, partial 
cds 
99% 0.0 gi|3411253|AF080247.1 
Stomatepia pindu 
Clone 1 
Oreochromus niloticus prolactin 
receptor 2 (prlr2), mRNA 




Oreochromus niltocus prolactin 




Table 3.6. List of species sequenced for PRLR II along with top hit, percent identity, p-value, 
and the accession number taken from NCBI database 
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niloticus, Stomatepia pindu, and Xenotilapia ochrogenys ‘N’dole. 
3.3.6  Sequenced species 
The number of species that were successfully sequenced were less than expected. The list 
of species successfully cloned is found in Table 3.7.  For PRL 177, 7 species were cloned and 
only 3 species, Oreochromis mossambicus, Oreochromis niloticus, and Xenotilapia spiloptera 
were identified through NCBI database matching a prolactin-like gene. There were 5 species 
successfully sequenced for PRL 188 which were Myaka myaka, Oreochromis niloticus, 
Pundamila pundamila, Paratilapia polleni type Anolepa, and Stomatepia pindu out of the 18 
cloned species. Six species were successfully sequenced out of 19 species for PRLR I, 
Metriclima estherae, Myaka myaka, Oreochromis nilotcus (female), Pundamila pundamila, and 
Tilapia congica. The most species sequenced belonged to PRLR II with a total of 8 species 
sequenced out of 15. The species sequenced for PRLR II were Estroplus maculatus, Enantiopus 
melanogenys, Myaka myaka, Oreochromis aureus, Oreochromis mossambicus, Oreochromis 




Prolactin 188 Prolactin 177 Prolactin Receptor I Prolactin Receptor II 





Myaka myaka Enantiopus melanogenys 
Pundamila pundamila Xenotilapia spiloptera Oreochromis niloticus 
(female) 
Myaka myaka 
Paratilapia polleni type 
Anolepa 
 Pundamila pundamila Oreochromis aureus 
Stomatepia pindu  Stomatepia pindu Oreochromis mossambicus 
  Tilapia congica Oreochromis niloticus 
(female) 
   Stomatepia pindu 
   Xenotilapia ochrogenys 
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3.4 Phylogenetic Analysis  
The sequences obtained for this research were aligned accordingly to the genes. There 
was a total of 3 alignment performed. The sequences for PRL 177 and PRL 188 were aligned 
together (Fig. 3.8). The sequences aligned for PRL 188 and PRL 177 were from sequences listed 
in Table 3.3, Table 3.4, and Table 2.3.  An alignment for PRLR I was created using sequences 
from Table 3.5 and Table 2.3. This alignment of sequences could be seen in Fig. 3.9. The next 
alignment made was for PRLR II with sequences from Table 3.6 and Table 2.3 shown in Fig. 
3.10.  
All the sequences used for the alignment were also used for the construction of a 
phylogeny. The phylogenetic trees obtained were for PRL 177 and PRL 188, PRLR I, and PRLR 
II. The tree for PRL 177 and PRL 188 (Fig. 3.11) shows three primary lineages, one of the 
prolactin lineages includes Oreochromis mossambicus PRL 188, Tilapia nilotica PRL 188, 
Maylandia zebra PRL 188, Astatotilapia burtoni PRL 1, Oreochromis urolepis hornorum PRL 1, 
Paratilapia polleni PRL 188, Amatitlania nigrofasciata PRL 1, Tilapia congica PRL 177, and 
Oreochromis niloticus PRL 188. The other two lineages are sister lineages to the above 
mentioned lineage, one which contains species Oreochromis niloticus PRL 2, Oreochromis 
niloticus PRL 177, Oreochromis mossambicus PRL 177, and Xenotilapia spiloptera PRL 177. 
The other lineage has grouped Saratherodon pindu PRL 188, Oreochromis PRL 188, Paratilapia 
polleni PRL 188, Pundamila pundamila PRL 188, and Myaka myaka PRL 188. The phylogeny 
tree for PRLR I (Fig. 3.12) demonstrated one main lineage with three clades. One of the clades 
has grouped the Central American species Astatotilapia siquia. The second clade clustered West 
and East African tilapia species Myaka myaka, Saratherodon pindu, Oreochromis niloticus, 
Oreochromis mossambicus. The third clade has grouped the Haplochromis species Pundamila 
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pundamila and Metriclima estherae but has also grouped Tilapia congica. The phylogenetic tree 
for PRLR II (Fig. 3.13) demonstrate to have one major prolactin receptor lineage that has 
clustered the species Oreochromis niloticus, Saratherodon pindu, Oreochromis mossambicus, 
Enantiopus maculatis, Oreochromis aureus, Myaka myaka, Maylandia zebra, Xenotilapia 

























Fig. 3.4. PRL 188 and PRL 177 alignment using CLC Genomic Workbench v7.0.4 





Fig. 3.4. Continued PRL 188 and PRL 177 alignment using CLC Genomic 





Fig. 3.4. Continued PRL 188 and PRL 177 alignment using CLC Genomic 






Fig. 3.4. Continued PRL 188 and PRL 177 alignment using CLC Genomic 






Fig. 3.4. Continued PRL 188 and PRL 177 alignment using CLC Genomic 






Fig. 3.4. Continued PRL 188 and PRL 177 alignment using CLC Genomic 






Fig. 3.4. Continued PRL 188 and PRL 177 alignment using CLC Genomic 






Fig. 3.4. Continued PRL 188 and PRL 177 alignment using CLC Genomic 






Fig. 3.4. Continued PRL 188 and PRL 177 alignment using CLC Genomic 







Fig. 3.5. PRLR I sequence alignment using CLC Genomic Workbench v7.0.4 with a 






Fig. 3.5. Continued PRLR I sequence alignment using CLC Genomic Workbench 






Fig. 3.6. PRLR II sequence alignment using CLC Genomic Workbench v7.0.4 with 





Fig. 3.6. Continued PRLR II sequence alignment using CLC Genomic Workbench 

















Fig. 3.6. Continued PRLR II sequence alignment using CLC Genomic Workbench 








Fig. 3.7. Phylogenetic tree for PRL 177 and PRL 188 with Neighbor Joining 









Fig. 3.8. Phylogenetic tree for PRLR I with Neighbor Joining algorithm using Jukes-







Fig. 3.9. Phylogenetic tree for PRLR II with Neighbor Joining algorithm using 




  DISCUSSION 
 
Prolactin 177 was successfully amplified in species belonging to Tilapiine and Ectodini 
lineages using PCR. This indicates that the duplicate gene, prolactin 177, is not Tilapiine specific 
as suggested by Summers and Zhu (2008). The amplification in these species throughout the 
Cichlid family support the hypothesis by Summers and Zhu (2008) that PRL 177 could be 
critical in parental behavior in family Cichlidae. Of the species cloned, three species were able to 
be successfully sequenced and confirmed for prolactin 177, Oreochromis mossambicus, 
Oreochromis niloticus (female), and Xenotilapia spiloptera. The species Oreochromis 
mossambicus and Oreochromis niloticus had a 99% identity to a prolactin-like gene meaning that 
the nucleotides found in our sequence had a 99% identity to the nucleotides belonging to a 
prolactin-like gene of Oreochromis niloticus. The e value for the sequence is 0.0, so the 
similarity between our sequence and the prolactin-like sequence are not likely due to chance. The 
species Xenotilapia clone 2 had an e value 0.0, with a sequence of a prolactin-like gene 
belonging to Astatotilapia burtoni. These two sequences had a 96% identity. The only sequence 
that was uploaded and did not match to a prolactin-like gene was clone 1 of Xenotilapia 
spiloptera. This sequence had a 86% identity to a neuroligin gene belonging to Poecilia formosa 
with an e value of 0.0 suggesting that it did not match to this gene by chance. It is likely that 
primer PRL 177 was able to amplify a different gene in Xenotilapia spiloptera, even though it 
was design to amplify the prolactin duplicate gene. When sequences were BLAST to the 
database some species matched cloning vector indicating that the insert was not inserted into the 
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vector during the ligation step. The sequences that matched with cloning vector were discarded 
from the research because they were uninformative. 
Phylogenetic trees were constructed in order to observe the evolutionary relationship of 
PRL 188, PRL 177, PRLR I, and PRLR II in Cichlidae. The PRL 177 and PRL 188 phylogeny 
tree constructed by this study indicates that the Tilapia nilotica PRL 177 used by Summers and 
Zhu (2008) grouped with Oreochromis niloticus PRL 188.  This suggests that the sequence that 
was used in their research was not actually PRL 177, but instead could be PRL 188.  The PRL 
177 sequence in the species Oreochromis mossambicus, Oreochromis niloticus, and Xenotilapia 
spiloptera, formed a clade with Oreochromis niloticus PRL 2. The sequence for Oreochromis 
niloticus PRL 2 was one of the sequences obtained from NCBI. We believe that the sequence 
obtained from NCBI for Oreochromis niloticus PRL 2 is mislabeled. If indeed, this sequence was 
PRL 2 then this gene should have group in a different lineage outside PRL 188 and not in a 
lineage under PRL 188 as seen in the constructed phylogenetic tree. PRL 188 and PRL 2 share a 
34.7 % identity. These genes are very different from each, because of this we would expect to 
see these two genes form independent lineages. It is not clear if the database has the correct name 
for the sequences of the genes. Therefore, we are not sure whether the PRL 177 we sequenced is 
actually the duplicate gene sequence that we were after. Further testing will be needed to 
untangle these completing hypotheses. The NCBI database may need to be updated with more 
prolactin sequences in order to start differentiating them and naming the prolactin sequences 
accordingly.  
The phylogenetic tree for PRLR I recovered the expected relationship between cichlid 
species such as those seen in Goodwin et al. (1998) (Fig. 1.3), Astatotilapia siquia being the 
Central American species grouped together in a clade. Another clade contains the East and West 
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African cichlid species. The third clade has grouped the Haplochromis lineage species, but what 
is unexpected about this group is that we find Tilapia congica grouped in the same clade. The 
species clade with the Central American species, Astatotilapia siquia, appears to be the basal 
clade to the other two clades. In the phylogeny tree for PRLR II we see that all the African 
cichlids have formed one large lineage. We found that two species Xenotilapia ochrogenys and 
Enantiopus melanogenys were grouped in a clade that had a much longer branch length than the 
rest of the species suggesting that these sequences have evolved at a faster rate. The sequences 
obtained for PRLR II, when uploaded to NCBI BLASTn had the same top hit to Oreochromis 
niloticus prolactin receptor 2. Therefore, we expected to see all PRLR II species grouping 
together very closely and having short branch lengths is indicative of very little change in the 
gene. PRL II sequences for Xenotilapia ochorgenys and Enantiopus melanogenys have changed 
at a faster rate in comparison to PRL II found in the other cichlid species. This suggests that this 
gene could have undergone a significant amount of molecular evolution. The PRLR II gene in 













CONCLUSIONS AND RECOMMENDATIONS 
Expanding the data set by the addition of species belonging to the Tilapiine and 
Xenotilapia lineage would be beneficial to this study to continue looking for the duplicate gene, 
PRL 177, throughout these lineages. This will result in a larger data set with more sequences to 
obtain in order to form a better database.  
Once more sequences have been obtained, RACE PCR could be performed. This will 
allow obtaining a full sequence of the gene of interest by amplifying sequences from mRNA 
between defined internal site and unknown sequence. RACE PCR could be used with cDNAs 
that we already have created and the products of it could be sequenced without the need of a 
cloning step. 
Obtaining the sequences could also help us in designing better primers for PRL 188 and 
PRL 177. Also, designing primers for PRL 2 will help us identify and differentiate it from 
another prolactin gene. We could use the PRL 2 primer for the cDNAs that we already have.  
 Looking at PRLR II sequences and trying to find it in species belonging to 
Cichlidae and forming a phylogeny tree could give us some insight of whether this gene is 
changing in other species. Having this phylogeny could help us determine which species seem to 
be showing the change in this gene and possibly find why it seems that this gene is changing 
faster in species Xenotilapia ochrogenys and Enantiopus melanogenys. Looking at the evolution 
of positive selection in these species regarding PRLR II will give us information to understand 
what is happening with this receptor in these species. The sequences could be analyzed using 
Phylogenetic Analysis by Maximum Likelihood (PAML) program (Yang, 2007) in order to test 
for positive selection. This analysis works by estimating the number of nonsynonymous 
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substitutions over synonymous substitutions, dN/ds ratio. If the ratio is greater than 1, then there is 
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